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THE EFFECT OF FASTING ON THE NUCLEIC ACID CONTENT OF THE
TISSUES IN THE NORMAL AND ADRENALECTOMIZED RAT*
The adrenalectomized rat may be maintained on saline without significant
changes in carbohydrate or protein metabolism. When such animals are
fasted, however, hypoglycemia and depletion of liver glycogen rapidly
occur, accompanied by a reduction in the amount of nitrogen lost in the
urine. It has therefore been suggested that the fasting adrenalectomized
animal is unable to mobilize body protein adequately for the maintenance of
blood glucose and glycogen.'l
Some change in nucleic acid metabolism might well accompany those
changes which occur in protein metabolism in the fasting adrenalectomized
animal. There is evidence that an intimate association between nucleic acid
levels and protein synthesis may exist. The details of this relationship
remain obscure, but the work of Caspersson' and of Brachet' indicates that
ribonucleic acid (RNA) plays a particularly important part.
The effect of fasting on the RNA content of the liver in normal rats has
been investigated by Davidson0 7,8 and Kosterlitz8 who found a fall in RNA
during the fasting or in animals on low protein diets. The adrenalectomized
animal's altered nitrogen metabolism and the known correlation of RNA
levels with the state of protein metabolism, then, suggest that some further
change in nucleic acid content might be detected in the fasted animal whose
adrenals have been removed.
METHODS
The method of Schneider17"8 was used for the analysis of RNA and desoxyribo-
nucleic acid (DNA) in liver, kidney, brain, and muscle from adult rats. The following
improvements were introduced:
1. Tissues were obtained under nembutal anaesthesia rather than after death from
a blow on the head.
2. Dry ice was used to keep tissue samples frozen or as cold as possible during
preparation and homogenization.
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RESULTS
The tissues of the first two animals of the series were treated as sug-
gested by Schneider yielding 80 + 0.5 mg. RNA per 100 gm. of liver.
When dry ice was substituted for cracked ice, 98 -+- 3.2 mg. (seven animals)
was obtained. Dry ice was therefore employed in all subsequent experi-
ments. RNA content in frozen samples was unchanged up to four days
after autopsy.
The effects of fasting and adrenalectomy on nucleic acid concentrations in
the liver are summarized in Table 1. Adrenalectomy did not affect DNA
TABLE 1. THE EFFECT OF FASTING ON LIVER NUCLEIC ACID CONCENTRATIONS
IN NORMAL AND ADRENALECTOMIZED RATS
Control Adrenalectomized
mg./100 gmn. wet weight mg./100 gm. wet weight
DNA
Fed 40 1.7 (8) 40 2.3* (5)**
Fasted 24 hrs. 47 ± 1.2 (7) 51 ± 1.3 (10)
Fasted 12 hrs. 40 3.2 (5) 44 3.8 (5)
RNA
Fed 98 3.2 (7) 106 4.0 (5)
Fasted 12 hrs. 95 ± 3.3 (5) 100 ±3.4 (5)
Fasted 24 hrs. 101 3.2 (7) 97 ± 2.9 (7)
Change in liver volume . . . 15% . . . . 21%
Fasted 24 hrs.
corrected for change in liver
volume 86 ±2.6 (7) 77 ±2.1 (7)
* Standard error of the mean.
** Number of animals.
concentrations in fed rats. Statistically significant elevation of DNA con-
centration during 24-hour fasts occurred, however, in both control and
adrenalectomized animals. The rise was significantly greater in the
adrenalectomized than in the control group.
For reasons to be discussed, the values in Table 1 are corrected to repre-
sent liver RNA concentrations in fasting animals per unit of original tissue
before fasting. In spite of the unchanged RNA concentration in fasting
normal and adrenalectomized animals, total liver RNA decreased in both
groups and a larger fall occurred in the adrenalectomized series.
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Nucleic acid determination in the normal kidney revealed a DNA of
55 mg. and RNA of 54 mg. per 100 gm. wet weight. There were no signifi-
cant changes in these normal levels after fasting or adrenalectomy.
Similar studies were attempted on brain and muscle but were abandoned
when it appeared that changes, if any, would probably not be of a magni-
tude demonstrable by the method.
DISCUSSION
METHOD
Much work has been done with both the Schneider and Schmidt-
Thannhauser1 methods of nucleic acid determination. Schneider's simpler
method was chosen because it was not necessary to separate RNA from
DNA.
Schneider obtained tissues by killing the animals with a blow on the
head and placing the samples on cracked ice. By this procedure he demon-
strated about 55-71 mg. RNA per 100 gm. of liver in the normal rat."9 Our
early values were higher than his, and it was thought that this difference
might be attributable to the precautions which were taken to keep the
tissues cold during handling. Freezing was therefore introduced, and a still
higher yield of RNA was obtained. Davidson8 has summarized the results
reported by other authors who used the Schmidt-Thannhauser and
Schneider methods. Our values are for the most part higher in all tissues
than those obtained by others using the Schneider method. Greater yields
of nucleic acids probably result from the use of frozen tissue and from the
analysis of samples taken from an anaesthetized animal rather than a dead
one. These observations indicate that nucleic acids are unstable and tissues
to be analyzed should be treated with as much speed and kept as cold as
possible. The consistency of the lower values obtained by us and by the
other authors using the Schneider method without freezing suggests the
possibility of two kinds of RNA, one of which is more labile than the other.
Although it is usually stated that the Schneider and Schmidt-Thannhauser
methods yield the same amounts of nucleic acids, Davidson's review shows
that authors using the Schmidt-Thannhauser procedure obtained slightly
higher yields than those using Schneider's. Values for nucleic acids of the
liver, kidney, and brain in the present study exceeded slightly or cor-
responded with the higher limits which others have observed using the
Schmidt-Thannhauser method. It should be noted here that the analysis of
muscle has not been attempted by very many investigators and that results
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have varied widely for both RNA and DNA. RNA, for example, is 2-10
mg. per 100 gin. according to Schneider and Klug,1' 22.8 mg. per 100 gm.
according to Mandel' and 13 mg. per 100 gm. by our techniques.
THE EFFECT OF FASTING AND ADRENALECTOMY ON NUCLEIC ACIDS IN THE LIVER
Fasting. It has been shown8"' that total DNA in the liver does not
change during fasting. An increase in DNA concentration, therefore, is a
measure of the reduction in liver size during fasting. From the data
obtained, it was calculated that the normal animals lost 15 per cent and the
adrenalectomized 21 per cent of their liver weight during a 24-hour fast
(Fig. 1). Using this in-
formation, the changes in CONTROL C3
total RNA under similar ADRENALErTOMIZEDm
circumstances may be cal-
culated. Calculations (Ta-
ble 1) showed that a sig- WT.OFLIVERAS lO0
nificant decrease in RNA CALCUOLATERD
occurred on fasting which FROMDNACHANGES) 30
is in agreement with the
conclusions of Davidson
and Kosterlitz. FED FASTED
Adrenalectomy. Similar- 24 HR.
ly, calculated values of FIG. 1. The effect of fasting on liver weight in
RNA in the adrenalecto- normal and adrenalectomized rats, calculated on the RNA i the drenaecto-basis of the change in DNA concentration.
mized animals fell on fast-
ing and to a significantly greater degree than in the controls.
The possible influence of the endocrine glands on nucleic acid metabolism
is indicated by the variations in nucleic acid levels which have been reported
in animals of different ages, growth, and nutritional state. RNA in the
liver is said to increase in pregnancy,' while estradiol treatment of pigeons
results in a rise of DNA and a large increase in RNA and phosphoprotein
in the liver."' Hypophysectomy causes a reduction in the rate of radioactive
phosphorous turnover in the thymus and liver according to Fraenkel-
Conrat,9 and Geschwind has been able to demonstrate a fall in liver RNA
after hypophysectomy. Normal levels are restored by growth hormone.10
Baker has reported a reduction in liver RNA in rats treated with adreno-
corticotrophic hormone and a high carbohydrate diet.'
Histological changes in the liver after adrenalectomy have been described
in white mice by Muller. Among other changes, he has observed an increase
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in both the size of the nuclei and the number of binucleated cells.'5 Gros has
studied the effect of large doses of cortisone acetate on the livers of rabbits.
He finds a hypertrophy of the liver accompanied by a decrease in DNA and
no effect on RNA, expressed in mg. per 100 total protein, which suggests
that changes in RNA, if any, are paralleled by those in total protein of the
liver, and raises the question whether the increased nitrogen excretion of
the cortisone-treated animal is accompanied by an increase of RNA in mg.
per 100 gm. wet weight.
The significance of the greater fall in RNA in the liver of the adrenal-
ectomized fasting rat as compared to the normal rat is obscure in view of
the many functions attributed to the nucleic acids. Nevertheless, the inti-
mate association of RNA with protein synthesis and the apparent reduction
of protein catabolism in the adrenalectomized animal implicates the adrenal
cortex either in a direct action on RNA or an indirect one in which protein
itself is the target substance.
SUMMARY
1. The use of anesthesia instead of decapitation and the freezing of
tissues during preparation significantly increased the yield of nucleic acids.
The possibility of a labile fraction of RNA is suggested.
2. Adrenalectomy did not affect nucleic acid levels in the tissues studied
in fed rats.
3. Total RNA in the liver decreased significantly on fasting for 24
hours and underwent a significantly greater reduction in the fasting
adrenalectomized animals.
4. No significant changes in RNA or DNA were demonstrated in
kidney, brain, or muscle tissue after adrenalectomy and fasting.
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